The focus of the article is the design of a HVAC (heating, ventilation and air-conditioning) system for the main central space of a real multifunctional indoor sports arena. Numerical simulation of the air fl ow provided a basis to determine the optimal number of fi re ventilators, their capacity and placement, and also to determine the maximum air-fl ow velocity in openings designed for evacuation in the event of an emergency. The ANSYS Fluent 13.0 software one of the world's most sophisticated CFD (computational fl uid dynamics) codes was used for the numerical simulation. In this case, the specifi c problem of a turbulent fl ow in a complex geometry was under investigation. This study should serve as a base for future installation of the system in the indoor sports arena.
Introduction
The fi re safety and security of old indoor sports arenas may present a problem that should be addressed. Many such buildings designed in accordance with previous, superseded civil engineering standards do not comply with the requirements of present fi re protection standards, especially those regarding safe emergency evacuation and fi refi ghting activities.
The indoor sports arena concerned was built in the 1980s. Its main central space provides a multifunctional use for a wide range of sport and cultural activities for up to 10 000 visitors. No HVAC system ensuring suffi cient ventilation of the central area in case of fi re has been installed. For this reason, the analysis was developed focusing on fi re ventilation possibilities. A new HVAC system based on the analysis is to be installed in the object in the near future.
Materials and methods
The goal of the analysis was to design an optimum HVAC system for the central space of the multifunctional indoor arena and to make a numerical simulation of its function in complex geometrical conditions of the arena interior.
The HVAC system must ensure air exchange throughout the inner space of the arena whereas the air-fl ow velocity must not exceed 5 m.s -1 in the inlet air openings as prescribed by the CEN/TR 12101-5 standard. All potential emergency exits and escape routes (gates, corridors) are considered air inlets. The priority of the system is to protect people in the auditorium and escape routes from the effects of heat and smoke in case of fi re.
The ANSYS Fluent software was chosen for the numerical simulation of the problem. It is one of the CFD codes, i.e., programs or algorithms designed to solve primarily fl uid mechanics problems (Bojko, 2008; Kozubková, 2008; Kozubková, 2005; Kučera, 2008; Pichurov, 2006; Stamp, 2009) .
The numerical code is based on a numerical solution of partial differential equations that express the law of conservation of mass (continuity equation), the law of conservation of momentum (NavierStokes equations), and the law of conservation of energy (energy equation). The system of equations is solved by a numerical method of fi nite volumes.
The code contains a wide range of specialized sub-models for different applications. The sub-models can run separately or simultaneously. Both steady state (time-independent) and unsteady (time-dependent) problems at laminar or turbulent fl uid fl ow regimes can be solved.
Many post-processing and visualization techniques and facilities are available, including: -Values of physical quantities at points, edges, surfaces, or in volumes. -Two-dimensional graphs of time-dependent or spatial-dependent physical variables. -Contours of physical variables in two-dimensional cut planes. -Vectors of physical variables in two-dimensional cut planes.
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-Trajectories of fl owing particles.
-Animations (fi gure sequences or clips in defi ned views, compositions, color schemes, etc.) of courses of modeled time-dependent physical phenomena (considering defi ned view, space composition, color scheme, etc.).
Calculation run-time depends on the type and complexity of the modeled problem, complexity of the geometry, number of grid cells, number of activated models and sub-models, and capacity of the computer system. The ANSYS Fluent 13.0 was used for modeling the problem discussed in this article (Bojko, 2008; Kozubková, 2008) .
Results
Six virtual axial fi re ventilators (impeller diameter 1.25 m) were added into the geometry at the roof underside to extract the air from the interior and discharge it to the outside (see Fig. 1 and Fig. 2 ). All ventilators were placed 27 m above the fl oor level (3 ventilators on each side of the hall in vertical enclosure walls). The maximum air-fl ow rate of each ventilator was 100 000 m 3 per hour. The distance between adjacent ventilators in the triplet was 20 m. The simulation assumed activation of all six ventilators.
Fresh air enters the inner space of the arena through all openings (inlets) in the structure (gates and corridors) that are expected to be used as emergency exits and escape routes, respectively (see Tab. 1 and Fig. 5 ). The geometry represents the three-dimensional shape of the sports arena inner space including the ice resurfacer tunnel. The sports arena has an octagonal ground plan and a total clear height of about 30 m. The greatest width (about 110 m) is at the height of 15 m. Except for small details, the inner space of the arena is vertically and longitudinally symmetric against axes that cross in the center of the fl oor. The three-dimensional geometry of the arena was created with the DesignModeler software. The geometry was then covered with a grid system of polyhedral type consisting of 550 752 three-dimensional grid cells by using the ANSYS Meshing software (see Fig. 3 and Fig. 4 ). The following settings were used for the numerical simulation of the problem. RNG k-ε model of turbulence was chosen for the air-fl ow fi eld calculation (Bojko, 2008; Kozubková, 2008) .
Operational conditions of the model are information (data) that express basic physical characteristics inside the geometry. They were set to: Boundary conditions of the model are information (data) that express physical bases of the modeled phenomenon. They are set at geometry The fi lled contours of the air-fl ow fi eld (in two-dimensional cut planes of the three-dimensional geometry) show areas, where the air-fl ow velocity increases and decreases due to the narrowing of the space (see Fig. 6 to Fig. 8) .
The vector fi elds of the air-fl ow velocities (in two-dimensional cut planes) show the air-fl ow directions upon ventilator activation and areas of formation of major turbulent structures (see Fig. 9 to Fig. 11 ). The fi gures show that the air travels from the bottom inlets toward the center of the fl oor where it is drawn up to the ceiling. Under the ceiling, the air is divided into six streams driven to the ventilators and discharged from the building. 
Conclusion
The designed HVAC system in the multifunctional indoor sports arena consisting of six ventilators of the volume fl ow rate of 100 000 m 3 per hour should ensure one air exchange in 18 minutes. The maximum air-fl ow velocity of 5 m.s -1 , as prescribed by the CEN/TR 12101-5 standard, is not exceeded at any air inlet (gate or corridor).
The numerical simulation was conducted to model only clean air fl ow fi eld irrespective of heat or smoke aspects. Real fi re conditions cannot be predicted with certainty; therefore, they were not included in the simulation. On the other hand, potential hot smoke motion can be predicted from clean air fl ow fi eld simulation.
In case of fi re with smoke production and gas temperature rise in the indoor arena, a change of fl uid fl ow ventilation regime in accordance with physical laws of fl uid mechanics (equation of state, Archimedes' principle, etc.) is assumed (Noskievič et al., 1987) . Vertical gas fl ow motion would accelerate in the direction toward the ceiling where the heat and smoke would accumulate. Then the heat and smoke from the roof underside would be discharged to the outside through the fi re ventilators. Nevertheless, the hot smoke of a lower density changes the airfl ow around the blades of the impellers and would decrease the capacity (volume fl ow rate) of the fi re ventilators. The decreased capacity of the ventilators would increase the air exchange time. Considering that from the past experience only low-heat fi res are expected to occur and considering the large volume of the arena, the infl uence of the change in thermal characteristics on the capacity of the ventilators is expected to be near negligible.
The numerical model contained several simplifi cations and uncertainties arising from the current technical capabilities of computer technology. For example, beams and complex roof supporting structures, which could cause local turbulence and aerodynamic drag, were not incorporated into the model geometry. To include these details in the macroscale of the whole structure is beyond the possibilities of currently available computer equipment and software. Turbulence and aerodynamic drag at the roof underside would have probably decreased the air-fl ow velocity at the rest of the arena inner space. Considering the volume of the arena and the capacity of the ventilators, the decrease in the air-fl ow velocity would be about 0.1 -0.01 m.s -1 . Leaks in the structure were not refl ected either because their extent could not be reliably determined. Leaks in the structure close to the ventilators could particularly infl uence the rate of heat and smoke removal from the fi re. From a functional point of view, it is therefore preferable to provide ventilators with a greater capacity as it can be easily decreased.
The results of the numerical simulation show that the designed HVAC system should ensure effective fi re ventilation of the inner space of the multifunctional indoor sports arena. It should ensure the extraction of combustion products from the escape routes and the supply of fresh air, thus enabling safe emergency evacuation and fi re suppression activities. The air-fl ow velocities at the emergency exits and escape routes do not pose a risk or danger for the evacuees.
